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A PISTON ENGINE WITH INTEGRATED BALANCE SHAFTS 

The invention relates to a piston engine comprising at least one balance 
shaft unit in whose crankcase a crankshaft is supported and at whose 
crankcase a window surrounded by a flange is provided at the side, with 
the flange forming a joint face to which the housing of the balance shaft 
unit is fastened screws, with a balance shaft being supported in said 
housing. The piston engine is primarily considered as an internal 
combustion engine. 

With the internal combustion engines customary at the moment with 
pairwise balance shafts, a unit containing both balance shafts is 
connected to the crankshaft bearing from below. This has the advantage of 
being able to equip conventional basic engines with balance shafts 
without any greater construction interventions, but does increase the 
construction height of the engine. This is undesirable with sloping engine 
hoods. In the completely new design of an internal combustion engine, 
one therefore endeavors to integrate the balance shafts into the engine, to 
integrate them at the side into or onto the crankcase or the engine block 
(which are anyway usually integral) . 

What causes problems here is the installation and the drive of the balance 
shaft unit. It is known from DE-A-29 35 384 to support a balance shaft at 
the side in a cover and to drive it by means of a chain. A drive without 
clearance is possible thanks to a chain tensioner, but the chain makes the 
installation a lot more difficult. 

If a balance shaft is driven by means of gears, the load case typical for 
balance shafts (small, but pulsing transmitted torque at a very high 
rotational speed) requires special measures to avoid irritating noises. A 
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proven measure is the reduction in the tooth clearance, in particular of 
the rotational flank clearance, which requires a very precise setting of the 
shaft position. It is known from EP-B-916 833 for balance shafts with gear 
drive arranged pairwise beneath the crankshaft to set the whole balance 
shaft unit by means of rotatable eccentrics. 

It is the underlying object of the invention to set forth a way for the precise 
setting of the gear engagement with the simplest possible installation also 
for balance shafts integrated in the housing. In accordance with the 
invention, this consists of the characterizing features a) and b) of the 1st 
claim. The drive by means of gears allows the unit to be attached from the 
outside with a few hand movements, provided a setting of the tooth 
clearance from outside is successful. This is successful due to the planar 
joint faces being able to be pushed onto one another. The window into the 
interior of the crankcase only needs to be a little larger than the gear, 
whereby the structural weakening of the crankcase can be minimized. 

If a balance shaft unit is provided at each side of the crankcase and the 
shafts should rotate at twice the crankshaft speed in the opposite sense to 
balance the second order inertia forces, an intermediate shaft is thus 
additionally supported in the housing of the second balance shaft unit 
with an intermediate gear which meshes with the gear of the balance 
shaft, on the one hand, and with a gear seated on the crankshaft, on the 
other hand (claim 2). The gear of the balance shaft thus meshes on the 
one side and that of the intermediate shaft on the other side, and both 
with the same gear on the crankshaft. 

In a preferred arrangement, the joint face encloses an obtuse angle with 
the connection straight line of the axes of the crankshaft and the balance 
shaft in a section imagined normally to the crankshaft axis (claim 3) . The 
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angle may not be a right angle, because a displacement of the balance 
shaft unit would then not effect any change in the tooth clearance. The 
obtuse angle, however, results in a "ratio", whereby the tooth clearance 
can be set very precisely with a large displacement of the balance shaft 
unit and is also no longer falsified when the screws are tightened after the 
setting. Furthermore, the joint faces are preferably parallel to the plane of 
symmetry of the crankcase (claim 4) ; this moreover simplifies the 
processing. 

In a further development of the invention, at least one sliding guide is 
provided in the joint faces of the crankcase and of the housing of the 
balance shaft unit and permits a displacement in a plane normal to the 
crankshaft (claim 5). This facilitates the setting and provides the 
assurance that the axes of the two gears meshing with one another 
remain parallel. A clean engagement over the whole tooth width is thus 
also still ensured additionally to the precisely set rotational flank 
clearance. 

The sliding guide preferably consists of a straight groove in the sliding 
direction in one of the two joint faces and of a key let into the other joint 
face (claim 6). This combines high precision with simple production. 

In a preferred embodiment, the balance shaft runs around in its housing 
in divided bearings, with the one bearing half being formed in the housing 
of the balance shaft unit and the other being made as a bearing cover 
connected to the first bearing half (claim 7). The balance shaft unit can 
thus be completely pre-installed and also be subjected to a test run prior 
to the installation. An alternative with an installed balance shaft consists 
of it running around in undivided bearings in its housing (claim 8). The 
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gear and the balance weights are then so-to-say "threaded on" on the 
installation of the shaft into the housing. 



A more sophisticated aspect of the invention consists of the gear of the 
balance shaft being arranged at its center (claim 9). The gear seated on 
the crankshaft is then accordingly also in the center. With a central drive, 
the characteristic frequency of the torsion of the balance shaft is higher 
and the balance shaft unit can be arranged at the longitudinal center of 
the engine, close to its center of gravity. The selection of the position of the 
balance shaft units such that the gear of the balance shaft unit and the 
intermediate gear of the second balance shaft unit mesh with the gear 
seated on the crankshaft at positions offset by 180 degrees to one another 
(claim 10) has similarly favorable effects. 

The invention will be described and explained in the following with 
reference to Figures of a preferred embodiment of the invention. There are 
shown: 

Fig. 1 : an axonometric view of the internal combustion engine from 



the rear top left; 



Fig. 2: 



as Fig. 1 , from the rear bottom right; 



Fig. 3: 



a view from the front; 



Fig. 4: 



a view from the rear; 



Fig. 5: 



a section according to EE in Fig. 2; 



Fig. 6: 



a section according to AA in Fig. 5; 
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Fig. 7: 



detail B in Fig. 5; 



Fig. 8: 



a section according to CC in Fig. 7; 



Fig.. 9: 



a variant of Fig. 6. 



In Figs. 1 to 4, a four-cylinder internal combustion engine is shown in 
different views. In all of them, the cylinder block is designated with 1 , the 
crankcase in sum with 2 said the flywheel housing with 3, although they 
are made integrally here. Five crankshaft bearings 4 are provided in the 
crankcase 2 and their bearing halves disposed over a joint plane 5 are in 
the crankcase 2. A crankshaft 6 (whose central axis is designated with & 
in Fig. 3) is journaled in said crankshaft bearings and con rods 8 
connected at the other end to pistons 9 are between their crank webs 7. A 
gear 1 0 is rotationally fixedly arranged between one of the crankshaft 
bearings 4 and a crank web 7 and serves the drive of the balance shafts. 

A flange 1 6 is cast on the crankcase 2 considered from the rear (from the 
flywheel housing 3) at the left and a flange 1 7 at the right and a balance 
shaft unit 18 and a balance shaft unit 19 are screwed to them at the left 
and at the right respectively (screws 70 in Fig. 1). 

In Fig. 5, the two balance shaft units 18, 19 are shown more precisely in a 
horizontal section. The left hand balance shaft unit 18 essentially consists 
of a housing 20 and a balance shaft 22 supported therein. Two balance 
weights 26 are on them and a gear 24 is rotationally fixedly attached 
between them or made integrally with the balance shaft 22. The balance 
shaft 22 is supported threefold in the housing 20, with the bearing halves 
fixed to the housing being designated with 28, 28' and 28" and bearing 



♦ 



6 



covers 30 being screwed onto the bearing halves fixed to the housing by 
means of bearing screws 32 (Fig. 6). Alternatively, the bearings can be 
made as closed bearings 28*. if the balance shaft unit is multi-part and 
balance weights and gear can be "threaded on" on the insertion of the 
balance shaft (22*) (Fig. 9). 

The right hand balance shaft unit 1 9 substantially consists of a housing 
21 and a balance shaft 23 supported therein. Two balance weights 27 are 
on them and a gear 25 is rotationally fixedly attached between them or 
made integrally with the balance shaft 23. The balance shaft 23 is 
supported threefold in the housing 2 1 , with the bearing halves fixed to the 
housing being designated with 29, 29' and 29" and bearing covers 31 
being screwed onto the bearing halves fixed to the housing. The gears 24, 
25 and 34 project through windows 36 into the interior of the crankcase 
2, where they mesh with the gear 20 fixed to the crankshaft. These 
windows can also be made so small that the gears can just project 
through; the structure of the crankcase 2 is thus practically not 
weakened. 

In Fig. 3, the gears 24, 25 are shown on the balance shafts 22, 23 with 
their part circles. The left hand gear 24 meshes directly with the gear 10 
fixed to the crankshaft. The right hand gear 25 meshes with an 
intermediate gear 34 on an intermediate shaft 35 and said intermediate 
gear with the gear 10 fixed to the crankshaft. In this connection, the 
engagement points 42, 43 with the gear 10 fixed to the crankshaft are 
indicated. Their connection line runs approximately through the axis 6' of 
the crankshaft 6; the engagement points 42, 43 therefore lie opposite one 
another, that is at a centering angle of approximately 180 degrees. For the 
precise setting of the engagement ratios in these engagement points 42, 
43, the balance shaft units are displaceable in the vertical direction here 
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on the flanges 16, 17 of the crankcase 2. The housings 20, 21 of the 
balance shaft units 18, 19 are displaceable for this purpose on the planar 
joint faces 40, 41 in these joint faces. 

If the engagement ratios are thus set with the desired precision, the 
housings 20, 21 are tightened to the crankcase 2 by means of screws 70 
(Fig. 1). To be able to do this independently of the precise position of the 
housings 20, 21, the passages provided at the housings 20, 21 for the 
passage of the screws 70 are made as elongate holes 7 1 . 

Figs. 7 and 8 show a design measure which facilitates the setting of the 
engagement ratios. It ensures that the housings 20, 2 1 can only be 
displaced in a specific direction which is disposed in the normal plane 
through the crankshaft axis. For this purpose, a groove 66 for a key 65 is 
provided in the crankcase 2, said key being countersunk in a recess 67 of 
the housing 2 1 of the balance shaft unit. Conversely, the groove 66 could 
equally be provided in the housing 2 1 . Guides of this type are preferably 
provided at both end walls of the housings 20, 21. 



